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TITLE OF THE INVENTION 
IMAGE FORMING APPARATUS, METHOD OF ADJUSTING DEVELOPING 
UNIT OF THE APPARATUS, DEVELOPING UNIT, 
AND STORAGE MEDIUM 

5 

FIELD OF THE INVENTION 

The present invention relates to an image forming 
apparatus for forming an image by transferring a 
developer image (toner image), formed on an image 
10 carrier by an electrophotographic method or the like, 
onto a transfer material, a method of adjusting a 
developing unit of the apparatus, the developing unit, 
and a storage medium. 

15 BACKGROUND OF THE INVENTION 

In an image forming apparatus which prints an 
image by transferring a developer image (toner image), 
formed on the surface of a photosensitive drum as an 
image carrier, onto a transfer material such as a paper 

20 sheet which is a transfer medium (printing medium) , the 
transfer material is passed through a transfer portion 
formed in a contact portion between the photosensitive 
drum and a transfer member such as a transfer roller 
urged against the photosensitive drum. A voltage is 

25 applied to the transfer member in synchronism with the 
timing of the passage, and the toner image on the 
surface of the photosensitive drum is transferred onto 
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the transfer material by the action of the electric 
field formed by the voltage. An image forming 
apparatus of this type has been put into practical use. 
Also, with the recent progress of an 
5 information-oriented society, the needs for color 

printers are increasing, and an inline type of printer 
is attracting attention. In this inline type of 
printer, a plurality of image carriers corresponding to 
different colors are arranged in a line in order to 

10 increase the color image output speed. The inline type 
of printer forms toner images of these different colors 
in turn by using the individual image carriers, and 
transfers the toner images onto a transfer material 
directly or via an intermediate transfer member. 

15 In the conventional printers as described above, 

when a user is continuously printing images having a 
low printing ratio (a low pixel ratio per page) over a 
long time, deterioration of toner progresses as the 
number of printed sheets increases, and the amount of 

20 high-triboelectrif ication toner which is charged up 
more strongly than normal toner increases in a 
developing device. This is so because the toner in the 
developing device stays in it for long time periods 
while the toner repetitively undergoes 

25 triboelectrif ication by a developing sleeve (developing 
roller) or by an elastic blade in contact with the 
sleeve. This strongly charged toner increases its 
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electrical adhesion to individual members, and 
therefore worsens the properties of development onto 
the photosensitive drum or the properties of transfer 
onto the intermediate transfer belt or transfer 
5 material. This decreases the density of solid images 
and the like. 

In this strongly charged toner, the electrical 
repulsion force between toner particles also increases. 
This deteriorates the image quality by scattering and 

10 the like when line images or characters are 

transferred. For example, images are recently often 
printed on glossy paper and the like especially in 
color machines . In a case like this , the image quality 
is increased by increasing the glossiness of images by 

15 lowering the fixing speed of the apparatus. Since 

glossy paper has improved toner fixing properties, the 
area of spread toner increases. If line images or 
characters scatter, therefore, this scattering is 
conspicuous on glossy paper, although it may be 

20 inconspicuous on plain paper. In addition, a high 

whiteness of glossy paper makes scattering conspicuous, 
and this increases the thicknesses of line images and 
characters and spreads thin lines , thereby 
deteriorating the image quality. These phenomena are 

25 particularly notable after images are continuously 

printed in a low- temperature , low-humidity environment. 

In contrast, when a user is continuously printing 
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images having a high printing ratio over a long time by 
using the conventional printer described above, 
deterioration of toner progresses as the number of 
printed sheets increases. Consequently, the amount of 
5 low-triboelectrif ication toner which is charged up more 
weakly than normal toner or the amount of 
reverse-polarity- triboelectrif ication toner which is 
charged up to the polarity reverse to that of normal 
toner increases in the developing device. This is so 

10 because the toner in the developing device is 

successively discharged outside the developing device 
without being much affected by triboelectrif ication by 
the developing sleeve or by the elastic blade in 
contact with the sleeve. This weakly charged toner or 

15 reverse-polarity toner reduces the electrical adhesion 
to the developing sleeve, and hence excessively raises 
the properties of development onto the photosensitive, 
drum, thereby raising the density of solid images and 
the like. In addition, the weakly charged toner or 

20 reverse-polarity toner worsens a so-called fogging 
phenomenon in which thin toner is developed in a 
non-image portion on the photosensitive drum. This 
phenomenon is also conspicuous when images are printed 
on aforementioned glossy paper and the like. These 

25 phenomena are particularly notable after images are 
printed in a high- temperature , high-humidity 
environment . 
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To prevent the image deterioration and fogging 
phenomenon as described above, so-called developing 
device adjustment control is executed in various types 
of printers. For example, at every printing timing 
5 except for a printing operation, the 

high- triboelectrif ication toner is discharged from the 
developing sleeve (developing roller) and its vicinity 
in the developing device by developing the toner as a 
toner image such as a solid image on the photosensitive 

10 drum. Alternatively, the low- triboelectrif ication 
toner or reverse-polarity toner is agitated in the 
developing device by idling the developing sleeve 
(developing roller). When control like this is 
executed, images can be printed by readjusting the 

15 average triboelectrif ication of the toner in the 
developing device to a preferred charge amount . 
Accordingly, various defective images caused by the 
developing device can be eliminated. 

Note that the control for idling the developing 

20 sleeve (developing roller) is to idle the developing 
sleeve in a state in which no bias is applied to the 
developing device; in a state in which although a bias 
is applied to^ the developing device , the developing 
device is set at a potential equal to the potential on 

25 the photosensitive drum so that no toner is developed 
on the surface of the photosensitive drum; or in a 
state in which the developing sleeve is separated from 
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the photosensitive drum in an arrangement in which the 
developing device and photosensitive drum can be 
separated. 

Unfortunately, the developing device adjustment 
5 control described above poses new problems if the toner 
amount discharged from the developing device is not 
properly set. That is, in the conventional developing 
device adjustment control, the discharged toner amount 
is always set at a predetermined value regardless of 

10 the print log of the printer, in order to simplify the 
control. For example, if the discharged toner amount 
is small and insufficient , the average 
triboelectrif ication of the toner in the developing 
device cannot be readjusted to the preferred charge 

15 amount. Therefore, even after the developing device 

adjustment control is executed, the decrease in density 
of solid images or the deterioration of image quality 
of line images or characters continuously occurs. On 
the other hand, if the discharged toner amount is 

20 excessively large, the consumption of the toner in the 
developing device is accelerated, and this increases 
the running cost when the user uses the printer. 

The above developing device adjustment control 
also poses new problems if the developing device idling 

2 5 time is not properly set. That is, in the conventional 
developing device adjustment control, the idling time 
is always set at a predetermined time regardless of the 
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print log of the printer, in order to simplify the 
control. For example, if the idling time is short and 
insufficient, the average triboelectrif ication of the 
toner in the developing device cannot be readjusted to 
5 the preferred charge amount. Therefore, even after the 
developing device adjustment control is executed, the 
increase in density of solid images or fogging 
continuously occurs. On the other hand, if the idling 
time is excessively long, the downtime of the printer 
10 increases, and this decreases the throughput of the 
printer . 

SUMMARY OF THE INVENTION 
The present invention has been made in 

15 consideration of the above prior art, and has as its 
feature to provide an image forming apparatus and 
developing unit capable of effectively preventing a 
decrease in density of an image and deterioration of 
the image quality, a method of adjusting the developing 

20 unit, and a storage medium. 

It is another feature of the present invention to 
provide an image forming apparatus capable of 
effectively preventing a decrease in density of solid 
images and the like and deterioration of the image 

25 quality of line images and characters, and also capable 
of suppressing a decrease in throughput, even when 
images having a low pixel ratio are continuously formed 
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over a long time, and to provide a method of adjusting 
a developing unit of the apparatus . 

It is still another feature of the present 
invention to provide an image forming apparatus capable 
5 of effectively preventing an increase in density of 

solid images and the like and fogging, and also capable 
of suppressing a decrease in throughput, even when 
images having a high pixel ratio are continuously 
formed over a long time, and to provide a method of 

10 adjusting a developing unit of the apparatus. 

Other features and advantages of the present 
invention will be apparent from the following 
description taken in conjunction with the accompanying 
drawings, in which like reference characters designate 

15 the same or similar parts throughout the figures 
thereof . 

BRIEF DESCRIPTION OF THE DRAWINGS 
The accompanying drawings , which are incorporated 
20 in and constitute a part of the specification, 

illustrate embodiments of the invention and, together 
with the description, serve to explain the principles 
of the invention. 

Fig. 1 depicts a view showing the arrangement of 
25 a printer engine of a laser beam printer according to 
an embodiment of the present invention; 

Fig. 2 is a block diagram showing an outline of 
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the configuration of the laser beam printer according 
to the embodiment of the present invention; 

Fig. 3 is a flow chart for explaining a 
developing device adjustment control process in a laser 
5 beam printer according to the first embodiment of the 
present invention ; 

Fig, 4 depicts a view showing examples of toner 
consumption amount threshold values r [mg] set in 
various environments and use conditions in the second 
10 embodiment of the present invention; 

Fig. 5 depicts a view showing examples of toner 
consumption amount threshold values r [mg] set in 
developing devices of different colors in the third 
embodiment of the present invention; 
15 Fig. 6 is a flow chart for explaining a 

developing device adjustment control process in a laser 
beam printer according to the fourth embodiment of the 
present invention ; 

Fig. 7 depicts a view showing examples of toner 
20 consumption amount threshold values r' [mg] set in 

various environments and use conditions in the fifth 
embodiment of the present invention; 

Fig. 8 depicts a view showing examples of toner 
consumption amount threshold values r' [mg] set in 
25 developing devices of different colors in the sixth 
embodiment of the present invention ; 

Fig. 9 depicts a view for explaining the 
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configuration of a memory of a developing device in the 
seventh embodiment of the present invention; and 

Fig. 10 depicts a graph showing changes in Y- and 
K- toner image levels when images having a low printing 
5 ratio continue. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Preferred embodiments of the present invention 
will now be described in detail in accordance with the 
10 accompanying drawings. 

Fig. 1 depicts a schematic view showing the 
arrangement of a printer engine of a printer (laser 
beam printer) according to an embodiment of the present 
invention. This laser beam printer is a four-drum, 
15 intermediate transfer type of full -color printer. 

Referring to Fig. 1, the laser beam printer has 
image forming units (image forming stations 10) 10Y, 
10M, 10C, and 10K of four colors, i.e., yellow (Y) , 
magenta (M) , cyan (C), and black (K) . The laser beam 
20 printer also has a transfer device including an 
intermediate transfer belt 80 as an intermediate 
transfer member, and a fixing device 40. 

The image forming stations 10Y, 10M, 10C, and 10K 
are image forming units in which photosensitive drums 
2 5 (drum- like electrophotographic photosensitive members) 
70Y, 70M, 70C, and 70K as image carriers are arranged 
in this order from the upstream side to the downstream 
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side in the moving direction (indicated by an arrow b) 
of the intermediate transfer belt 80. Each 
photosensitive drum is rotatable in the direction 
indicated by an arrow a. On the outer circumferential. 
5 surfaces of the photosensitive drums 70Y, 70M # 70C, and 
70K, primary charging rollers 12Y, 12M, 12C, and 12K 
are arranged to evenly charge the surfaces of these 
photosensitive drums. On the downstream side, when 
viewed from these charging rollers 12Y, 12M, 12C and 

10 12K, in the rotating direction of the photosensitive 
drums, laser exposing devices 13Y, 13M, 13C, and 13K 
are arranged to expose the photosensitive drum surfaces 
with laser beams modulated in accordance with image 
signals, respectively. On the downstream side of these 

15 laser exposing devices, developing devices 14 (14Y, 

14M, 14C, and 14K) are respectively arranged to develop 
electrostatic latent images of different colors, formed 
on the photosensitive drum surfaces by laser exposure, 
by using toner components of the corresponding colors, 

20 i.e., yellow, magenta, cyan, and black. Each of the 
developing devices 14Y, 14M, 14C, and 14K contains 
toner of a corresponding color, and supplies this color 
toner to the drum by rotating an internal roller. The 
developing device 14 (14Y - 14K) is a unit of at least 

25 a toner container and a roller (a developing roller 

(sleeve), e.g., a developing roller 14Ya in the image 
forming station 10Y) , and is detachable from the 
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printer main body. 

In positions (transfer positions) on the other 
side of the intermediate transfer belt 80, primary 
transfer rollers 54Y, 54M, 54C, and 54K oppose the 
5 photosensitive drums 70Y, 70M, 70C, and 70K, 

respectively, to form primary transfer portions 
together with these photosensitive drums. Primary 
transfer power supplies 48Y, 48M # 48C, and 48K are 
connected to the primary transfer rollers 54 Y, 54M, 

10 54C, and 54K, respectively, and apply primary transfer 
voltages Vy, Vm, Vc, and Vk, respectively. 

The intermediate transfer belt 80 is looped 
between three rollers, i.e., a driving roller 51, 
tension roller 52, and secondary transfer counter 

15 roller 53, and brought into contact with the 

photosensitive drums 70Y to 70K through the image 
forming stations 10Y to 10K. The intermediate transfer 
belt 80 is rotated in the direction of the arrow b 
shown in Fig. 1 by the driving roller 51. On the 

20 surfaces of the photosensitive drums 70Y, 70M, 70C, and 
70K, drum cleaners 16Y, 16M, 16C, and 16K for removing 
untransf erred toner remaining on these drum surfaces 
are arranged downstream of the primary transfer rollers 
54Y, 54M, 54C, and 54K, respectively. Also, the 

25 driving roller 51 of the intermediate transfer belt 80 
has a belt cleaner 33 for removing untransf erred 
residual toner sticking to the surface of the 
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intermediate transfer belt 80. 

The image forming operation of the laser beam 
printer having the above arrangement will be described 
below by taking the yellow image forming station 10Y as 
5 an example. Since the operations of other image 

forming stations 10M - 10K are substantially the same 
as that of the yellow image forming station 10Y, the 
explanations of them are omitted. 

The photosensitive drum 70Y of the yellow station 

10 10Y is constructed by forming a photoconductive layer 
on the surface of an aluminum cylinder. During the 
course of rotation in the direction of the arrow a, the 
primary charging roller 12Y evenly charges the surface 
of the drum 70Y to negative charge (charging potential 

15 = -600 V), and the laser exposing device 13Y exposes an 
image in accordance with a Y image signal (surface 
potential after exposure = -200 V), thereby forming an 
electrostatic latent image corresponding to the yellow 
image on the surface of the photosensitive drum 70Y. 

20 This electrostatic latent image is developed by the 
developing device 14Y by using negatively charged 
yellow toner, and thereby visualized as a yellow toner 
image on the drum 70Y. 

The yellow toner image thus obtained is primarily 

25 transferred onto the intermediate transfer belt 80 by 
applying the primary transfer voltage from the primary 
transfer power supply 48Y to the primary transfer 
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roller 54Y. The drum cleaner 16Y removes untransf erred 
residual toner sticking to the surface of the 
photosensitive drum 70Y after transfer, and the next 
image formation is performed. 
5 The above image forming operation is performed at 

predetermined timings in the image forming stations 10Y 
to 10K, and the toner images on the photosensitive 
drums 70Y to 70K are primarily transferred and 
overlapped in turn on the intermediate transfer belt 80 

10 in the individual primary transfer portions. In a 
full-color mode, toner images are transferred and 
overlapped on the intermediate transfer belt 80 in the 
order of yellow, magenta, cyan, and black. In a 
monochrome mode or in a two- or three-color mode, toner 

15 images of necessary colors are transferred in the same 
order as above. 

After that, by the rotation in the direction of 
the arrow b of the intermediate transfer belt 80, the 
toner images of the four colors formed on the 

20 intermediate transfer belt 80 are moved to a secondary 
transfer portion in which the secondary transfer roller 
55 is pressed against the grounded secondary transfer 
counter roller 53 via the intermediate transfer belt 
80. When a secondary transfer voltage W is applied 

25 from a secondary transfer power supply 49 to the 

secondary transfer roller 55, the toner images of the 
four colors on the intermediate transfer belt 80 are 
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simultaneously secondarily transferred onto a transfer 
material P which is supplied at a predetermined timing 
by a paper feed roller 20. 

The transfer material P on which the toner images 
5 of the four colors are thus secondarily transferred is 
conveyed to the fixing device 40 and pressed and heated 
in it. As a consequence, the toner components of the 
four colors are melted, mixed, and fixed on the 
transfer material P. In this manner, a full-color 

10 image is formed on the transfer material P. On the 

other hand, the belt cleaner 33 removes untransf erred 
toner remaining on the surface of the intermediate 
transfer belt 80 after secondary transfer. 

In this embodiment, negatively chargeable OPC 

15 drums 30.6 mm in diameter are used as the 

photosensitive drums 70 (70Y to 70K) , and a charging 
voltage obtained by superposing an AC component on a DC 
component is applied to the primary charging rollers 12 
(12Y to 12K) , thereby evenly charging the surfaces of 

20 the photosensitive drums 70 to about -600 V regardless 
of the environment. Each of the laser exposing devices 
13 (13Y to 13K) has a near infrared laser diode having 
a wavelength of 760 nm and a polygon mirror for 
scanning the photosensitive drum 70 with a laser beam, 

25 and lowers the surface potential of the photosensitive 
drum 70 to -200 V by exposure. In this way, an 
electrostatic latent image having this exposed portion 
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charged to -200 V as an image portion is formed. 

Each of the developing devices 14 (14Y to 14K) 
uses a developing method using nonmagnetic toner (a 
monocomponent nonmagnetic developer). As this 
5 nonmagnetic toner, polymerized toner 6 [xm in particle 
diameter having a core/shell structure containing wax 
is used. This toner is carried on the surface of the 
developing sleeve with coating by using a coating 
roller, and conveyed to a developing portion opposite 

10 to the photosensitive drum 70 by the rotation of the 
developing sleeve while the toner layer thickness is 
regulated by an elastic blade. By applying a 
developing voltage, obtained by superposing an AC 
component on a DC component, to the developing sleeve, 

15 this toner on the developing sleeve is adhered to the 
exposed portion of the electrostatic latent image on a 
corresponding one of the photosensitive drums 70 (70Y 
to 70K), thereby reversely developing the latent image. 
Each of the primary transfer rollers 54 (54Y to 

20 54k) is given a diameter of 16 mm by covering a core 
metal 8 mm in diameter with an EPDM conductive rubber 
layer over 310 mm in the longitudinal direction. The 
individual core metals are connected to the primary 
transfer power supplies 48 (48Y to 48K) via power 

25 supply springs. The primary transfer roller 54 has an 
asker C hardness of 35°. The resistance of the primary 
transfer roller 54 is 1 x 10 6 Q when this primary 
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transfer roller is pressed, with a load of 500 g 
applied to its two ends, against an aluminum cylinder 
30 mm in diameter rotated at a peripheral speed of 24 
mm/sec, and a voltage of 50 V is applied between the 
5 cylinder and primary transfer roller. 

The secondary transfer roller 55 is given a 
diameter of 17 mm by covering a core metal 8 mm in 
diameter with a urethane-based conductive rubber layer 
over 310 mm in the longitudinal direction. The asker C 

10 roller hardness is 30°, and the resistance is 1 x 10 7 Q 
when measured by the same method as the primary 
transfer roller. The core metal of the secondary 
transfer roller 55 is also connected to the 
high-voltage power supply 49 via a power supply spring. 

15 Each of the driving roller 51, tension roller 52, and 
secondary transfer counter roller 53 is an aluminum 
conductive roller 32 mm in diameter, and the core metal 
is grounded via a power supply spring. 

The intermediate transfer belt 80 is a 

20 single-layered, seamless, endless belt made of a 

polyimide resin whose resistance is adjusted by carbon 
dispersion. The intermediate transfer belt 80 has a 
thickness of 75 pun, a circumferential length of 1,115 
mm, and a width of 310 mm in a direction perpendicular 

25 to the circumferential direction. In accordance with 
JIS (Japanese Industrial Standard) -K6911, conductive 
rubber was used as an electrode in order to obtain a 
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good contact between the electrode and belt surface, 
and the R8340 ultra-high resistance meter manufactured 
by Advantest was used to measure a volume resistivity 
pv and surface resistivity ps of the intermediate 
5 transfer belt 80. Consequently, pv = 5 x 10 8 Qcm and 
ps > 1 x 10 13 [Q/D] when 100 V were applied for 10 sec. 
Note that the values of ps measured on the upper and 
lower surfaces of the belt 80 were the same. 

The tension of the intermediate transfer belt 80 

10 looped between the three rollers 51, 52, and 53 is 6 
kgf . The distance between the driving roller 51 and 
tension roller 52 is 500 mm. The primary transfer 
portions formed by the photosensitive drums 70 (70Y to 
70K) and primary transfer rollers 54 (54Y to 54K) of 

15 the image forming stations 10 (10Y to 10K) are equally 
spaced on the intermediate transfer belt 80. Each 
primary transfer roller 54 is raised by springs 
attached to the two ends of the roller and having a 
load of 500 gf , and is pushed against the lower surface 

20 of the intermediate transfer belt 80 by a force 
obtained by subtracting a weight of 150 g of the 
primary transfer roller 54 from 500 gf . 

In the laser beam printer according to this 
embodiment, the maximum size of usable transfer 

25 materials is A3, and the process speed is 117 [mm/sec]. 
Note that when the primary transfer voltages Vy to Vk 
are 200 V and the secondary transfer voltage W is 2.3 
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kV, good transfer properties on plain paper are 
obtained for all colors. 

Methods of detecting the number of printed sheets 
and the toner consumption amount during image formation 
5 and developing device adjustment control based on these 
pieces of information as the characteristic features of 
the laser beam printer according to this embodiment 
will be described below. 

Note that operations such as detection, 
10 calculations, printing, and determination in the 

control according to this embodiment are executed by a 
CPU 110 (Fig. 2) of a printer controller 101. Note 
also that the storage medium of the present invention 
is equivalent to memories (e.g., a RAM 112 and program 
15 memory 111) of the printer controller 101. 

Fig. 2 is a block diagram showing an outline of 
the configuration of the laser beam printer according 
to this embodiment . 

Referring to Fig. 2, a host computer (PC) 100 has 
20 functions of an external apparatus for transmitting 

printing data to this printer to cause it to print the 
data. The printer controller 101 controls the 
operation of the whole printer. A printer engine 102 
includes the photosensitive drums 70Y to 7 OK as shown 
25 in Fig. 1, and can form images in four colors, for 
example Y, M, C, and K. 

The printer controller 101 includes the CPU 110, 
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and the program memory 111 and RAM 112 storing programs 
to be executed by the CPU 110. The RAM 112 has a 
plurality of work areas for temporarily storing various 
data to be described later. A table 113 contains data 
5 as shown in Figs. 4, 5, 7, and 8 to be described later. 

Fig. 3 is a flow chart for explaining developing 
device adjustment control performed by the laser beam 
printer according to the first embodiment. A program 
for executing the control process shown in this flow 

10 chart is stored in the program memory 111, and executed 
under the control of the CPU 110. Also, this control 
explained below is performed for each of the developing 
devices 14 (14Y to 14K) of different colors. 

In step SI, this laser beam printer is in a 

15 printing standby state. In step S2, the laser beam 

printer receives printing data from the host computer 
100 and is instructed to start printing, thereby 
starting a printing operation. The flow then advances 
to step S3 to start calculating a print quantity k 

20 (used amount information of the developing device) and 
toner consumption amount t [mg] to be described later. 

The methods of calculating the print quantity K 
(the used amount information of the developing device) 
and toner consumption amount t [mg] in step S3 will be 

2 5 explained below. 

In the printer of this embodiment, the print 
quantity is defined as the number of A4-size printed 
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sheets. That is, when an image of A4 size (210 mm x 
297 mm = 62,370 mm 2 ) or smaller is formed on the 
transfer belt 80 as an intermediate transfer member, 1 
is counted up; when an image larger than A4 size and 
5 equal to or smaller than A3 size (420 mm x 297 mm = 

124,740 mm 2 ) is formed, 2 is counted up. However, when 
images are printed on the two sides of the same sheet, 
2 is counted up if images of A4 size or smaller are 
formed, and 4 is counted up if images larger than A4 

10 size and equal to or smaller than A3 size are formed. 
The CPU 110 of the printer controller 101 determines 
this image size to be printed, in accordance with a 
sheet size to be used in printing, and stores the image 
size in "print quantity" of the RAM 112. 

15 Also, in the printer according to this 

embodiment, the toner consumption amount t [mg] is 
defined as a toner consumption amount per sheet (i.e., 
one sheet when an image of A4 size or smaller is 
formed, and two sheets when an image larger than A4 

20 size and equal to or smaller than A3 size is formed) . 
When the laser exposing device 13 executes exposure 
corresponding to an image signal during printing, the 
printer controller 101 calculates the total number of 
pixels turned on by the laser as a pixel count value p, 

25 on the basis of an image signal for forming an 

electrostatic latent image on the photosensitive drum 
70, and stores this value in "pixel counter" of the RAM 
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112. 

The printer according to this embodiment has a 
resolution of 600 [dots/inch] x 600 [dots/inch], so the 
area of one pixel as a minimum printing area is (25.4 
5 [mm]/600) 2 = 1.79 x 10" 3 [mm 2 ]. On the other hand, in 
the printer according to this embodiment, the toner 
deposition amount per unit area is 0.0065 [mg/m 2 ] . 
Accordingly, the toner consumption amount t [mg] per 
sheet is calculated by 

10 t [mg] = p x 1.79 x 10" 3 x 0.0065 [mg] ...(1) 

by using the pixel count value p per sheet . 

The thus calculated toner consumption amount is 
stored in "toner consumption amount" of the RAM 112. 

The flow then advances to step S4, and the print 

15 quantity k and toner consumption amount t [mg] 

calculated in step S3 are added to accumulated values 
("accumulated print quantity" and "accumulated toner 
consumption amount" of the RAM 112) up to the last 
printing. "Accumulated print quantity" is represented 

20 by K, and "accumulated toner consumption amount" from 
the first to Kth sheets is represented by T [mg] . 

In step S5, it is determined whether the 
accumulated print quantity K calculated in step S4 is 
100 or more. If YES in step S5, the flow advances to 

25 step S6. If NO in step S5, the flow returns to the 
printing standby state in step SI to continue the 
calculation and updating of the accumulated print 
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quantity K and accumulated toner consumption amount T 
on and after the next printing. 

If 100 or more sheets are printed and the flow 
advances to step S6, it is determined whether the 
5 condition indicated by 

T [mg] < 405 [mg] ... (2) 

is met. If YES in step S6 , the flow advances to step 
S7 to perform developing device adjustment control. 

If the condition of equation (2) is not met in 
10 step S6, the flow advances to step S8 to reset K = 0 
and T = 0 without performing any developing device 
adjustment control. After that, the flow returns to 
step SI to continue the calculation and updating of the 
accumulated print quantity K and accumulated toner 
15 consumption amount T on and after the next printing. 

The reason why the condition of equation (2) is 
determined will be explained below. 

The present inventors made extensive studies and 
have found that in the laser beam printer according to 
20 the first embodiment, if 100 or more sheets are 
continuously printed while the average toner 
consumption amount per sheet is smaller than a toner 
consumption amount threshold value r [mg] (= 4.05 
[mg] ) , the probability of a decrease in density of 
25 solid images and the like and deterioration of the 

image quality of line images and characters increases . 
In the first embodiment, therefore, developing device 
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adjustment control is executed when the toner 
consumption amount per 100 sheets is smaller than 405 
[mg] (= r [mg] x 100). 

Note that even if the toner consumption amount 
5 per sheet is smaller than toner consumption amount 
threshold value r [mg] = 4.05 [mg] , in practice the 
number of printed sheets before the probability of the 
decrease in density of solid images and the like or the 
deterioration of the image quality of lines images or 

10 characters increases changes in accordance with the 
toner consumption amount. That is, when the average 
toner consumption amount per sheet is close to 0.00 
[mg] (e.g., 0.01 [mg] ) , the number of printed sheets 
before the probability of the image quality 

15 deterioration increases is about 100. In contrast, 

when the average toner consumption amount per sheet is 
4.00 [mg] f the number of printed sheets before the 
probability of the image quality deterioration 
increases is about 1,000. Therefore, the print 

20 quantity for determining whether to perform developing 
device adjustment control may also be changed in 
accordance with the toner consumption amount . 

In the first embodiment, however, the control is 
simplified by fixing the number of printed sheets 

25 before the rise of the probability of the image quality 
deterioration to 100 regardless of the toner 
consumption amount. The number of printed sheets is 

•v- 
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fixed to 100 because it is essential to perform 
developing device adjustment control for every about 
100 sheets under the worst conditions in which the 
average toner consumption amount per sheet is close to 
5 0.00 [mg] . 

The above studies were made in a 23°C-60%RH 
environment by using the developing devices 14 whose 
conditions were close to those of brand-new products. 
A method of changing the performance 

10 specifications of developing device adjustment control 
in accordance with the use environment or the use 
condition of the developing device 14 will be described 
later in the second embodiment . 

Processing performed when developing device 

15 adjustment control is started in step S7 will be 
explained below. 

First, in the image forming station 10Y, a yellow 
solid image having a width (in the first embodiment, 
29 7 mm which is equal to the maximum sheet width) 

20 covering the entire region in the main scan direction 
is developed as a developing device adjusting toner 
image on the photosensitive drum 70Y. This developing 
device adjusting toner image is transferred onto the 
intermediate transfer belt 80 in the primary transfer 

25 portion of the image forming station 10Y. The yellow 
solid image thus transferred onto the intermediate 
transfer belt 80 is passed through the primary transfer 
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portions of the image forming stations 10M, IOC, and 
10K, conveyed to the belt cleaner 33, and collected. 

In the image forming station 10M, a magenta solid 
image is formed on the photosensitive drum 70M so as to 
5 reach the primary transfer portion in synchronism with 
the timing at which the passage of the yellow solid 
image is complete. This magenta solid image is 
transferred onto the intermediate transfer belt 80 
subsequently to the yellow solid image. After that, 

10 developing device adjusting toner images are similarly 
formed in the image forming stations 10C and 10K. 
While this developing device adjustment control is 
being executed, the secondary transfer roller 55 is 
separated from the intermediate transfer belt 80 in 

15 order to avoid contamination by the developing device 
adjusting toner images on the intermediate transfer 
belt 80. 

When the developing device adjusting toner images 
are formed as described above, a toner consumption 
20 amount S in each color developing device 14 during this 
developing device adjustment control is determined by 

S [mg] = 405 [mg] - T [mg] ...(3) 
Accordingly, a length d [mm] in the sub scan 
direction of the solid image formed in each image 
25 forming station is determined by 

d [mm] = S [mg]/0.0065 [mg/mm 2 ]/297 [mm] (4) 

By first calculating the amount of toner consumed 
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when adjustment of the developing device 14 is 
controlled by using equation (4) above and then 
performing the control, the average developer 
consumption amount per sheet when the number of printed 
5 sheets is 100 can be maintained at 4.05 [mg] . This 

makes it possible to prevent the decrease in density of 
solid images and the like and the deterioration of the 
image quality of line images and characters . 

In addition, since toner is not excessively 

10 consumed when the developing device adjustment control 
is performed, it is also possible to suppress an 
increase in running cost when the user uses this laser 
beam printer. 

After the adjustment of the developing devices 14 

15 is thus controlled, the flow advances to step S8 to 

reset K = 0 and T = 0, and returns to step SI again to 
continue the calculation and updating of the 
accumulated print quantity K and accumulated toner 
consumption amount T on and after the next printing. 

20 In the first embodiment as explained above, when 

each developing device 14 is to discharge an adjusting 
toner image during adjustment control of the developing 
device 14, control is so performed that the toner 
consumption amount S [mg] , accumulated toner 

25 consumption amount T [mg] , accumulated print quantity 
K, and toner consumption amount threshold value r [mg] 
during the adjustment control of the developing device 
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14 have the relationship indicated by 

S [mg] = r [mg] x K - T [mg] ...(5) 
Accordingly, even when the user keeps printing 
Images whose printing ratio (pixel ratio indicating the 
5 existence of pixels per page) is low over a long time, 
it is possible to properly maintain the toner amount 
discharged during adjustment control of each developing 
device 14, and effectively prevent the decrease in 
density of solid images and the like and the 
10 deterioration of the image quality of solid lines and 
characters. It is also possible to restrain the 
increase in running cost when the user uses the 
printer. 

Note that the toner consumption amount S [mg] 
15 during adjustment control of each developing device 14 
need not always be determined as in the first 
embodiment. That is, the toner consumption amount S 
[mg] can also be determined by some other method which 
refers to the accumulated toner consumption amount T 
20 [mg] and accumulated print quantity K by taking account 
of the characteristics of developing devices in each 
individual printer . 

For example, the toner consumption amount S [mg] 
during adjustment control of each developing device 14 
25 may also be calculated on the basis of an equation 

different from equation (5) by using the accumulated 
toner consumption amount T [mg] and accumulated print 
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quantity K. 

Alternatively, the toner consumption amount S 
[mg] during developing device adjustment control can be 
determined by using a table by which the toner 
5 consumption amount S is uniquely determined on the 
basis of the accumulated toner consumption amount T 
[mg] and accumulated print quantity K. 
[second Embodiment] 

The second embodiment of the present invention 

10 will be described below. In the second embodiment, 
control is performed in accordance with the use 
condition of a printer so that a developing device 14 
discharges toner in an amount necessary and enough to 
prevent defective images caused by the developing 

15 device 14. The apparatus configuration and the like 
according to the second embodiment are similar to the 
first embodiment described above, so an explanation 
thereof will be omitted. 

In the developing device adjustment control 

20 described in the first embodiment, the amount of each 

color toner discharged from the developing device 14 is 
determined by equation (5) by using the toner 
consumption amount threshold value r [mg] . However, 
the value of r [mg] can be increased or decreased where 

25 necessary in accordance with, e.g., the environment or 
the total print quantity of the developing device 14. 
That is , control can be performed in accordance with 
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the use condition of the printer so that the developing 
device 14 discharges toner in an amount necessary and 
enough to prevent defective images caused by the 
developing device 14. 
5 In developing device adjustment control according 

to the second embodiment, the toner consumption amount 
threshold value r [mg] is determined for each of 
developing devices 14 of different colors on the basis 
of environment information acquired by a built-in 

10 environment sensor of the printer, or used information 
of the developing device 14 of the printer. 

Fig. 4 depicts a view showing an example of a 
table, according to the second embodiment of the 
present invention, which is used to change the toner 

15 consumption amount threshold value r [mg] in accordance 
with the environment (the temperature and humidity), or 
the use condition (0%: initial state to 100%: after a 
total of 20,000 sheets are printed by the same counting 
method as in step S3 of the developing device 

20 adjustment control explained in the first embodiment) 
of the developing device 14. 

Referring to Fig. 4, the higher the temperature 
and humidity of the environment or the farther the use 
condition of the developing device 14 from the initial 

25 condition, the smaller the value of the toner 

consumption amount threshold value r [mg] . That is, in 
a high- temperature, high-humidity environment in which 
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the average triboelectrif ication of toner of the 
developing device 14 easily lowers, or in the 
developing device 14 whose use condition is far from 
the initial condition, the amount of strongly charged 
5 toner hardly increases even if a user keeps printing 
images having a low printing ratio over a long time. 
Therefore, even when adjustment control of the 
developing device 14 is performed using a small toner 
consumption amount threshold value r [mg] , it is 

10 possible to effectively prevent a decrease in density 
of solid images and the like and deterioration of the 
image quality of line images and characters . 

As described above, the table shown in Fig. 4 is 
formed by predicting, in accordance with the 

15 environment or the use condition of the developing 
device 14, the minimum toner consumption amount 
threshold value r [mg] necessary to effectively prevent 
the decrease in density of solid images and the like 
and the deterioration of the image quality of solid 

20 images and characters. 

In the second embodiment as described above, in 
adjustment control of each developing device 14, the 
toner consumption amount threshold value r [mg] is 
changed in accordance with the environment or the total 

25 print quantity of the developing device 14. Therefore, 
it is possible to discharge toner in a proper amount to 
prevent defective printed images caused by the 
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developing device 14 in accordance with the use 
condition of the printer, and effectively prevent the 
decrease in density of solid images and the like and 
the deterioration of the image quality of line images 
5 and characters. Furthermore, it is also possible to 

suppress an increase in running cost when the user uses 
the printer. 

Note that a toner consumption amount S [mg] 
during adjustment control of each developing device 14 

10 need not always be determined by the method of the 
second embodiment. That is, the toner consumption 
amount S [mg] can also be determined by some other 
method by referring to an accumulated toner consumption 
amount T [mg] , an accumulated print quantity K, the 

15 environment, or the total print quantity of the 
developing device 14. 

If the characteristic change of each developing 
device 14 largely depends on the environment or on the 
total print quantity of the developing device 14, 

20 rather than the accumulated toner consumption amount T 
[mg] or accumulated print quantity K, the toner 
consumption amount S [mg] during adjustment control of 
the developing device 14 can also be determined by 
referring to only the environment or the total print 

25 quantity of the developing device 14 in order to 
simplify the control. 
[Third Embodiment] 
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The third embodiment of the present invention 
will be described below. In the third embodiment, 
control is performed in accordance with the 
characteristics of developing devices of different 
5 colors so that each developing device 14 discharges 
toner in an amount necessary and enough to prevent 
defective images caused by the developing device 14. 
The apparatus configuration and the like according to 
the third embodiment are similar to the first 

10 embodiment described above, so an explanation thereof 
will be omitted. 

In the developing device adjustment control 
described in the first embodiment, the amount of each 
color toner discharged from the developing device 14 is 

15 determined by equation (5) by using the toner 

consumption amount threshold value r [mg] . However, 
different values can be set as the threshold value r 
[mg] for developing devices 14Y to 14K of different 
colors. That is, control can be performed in 

20 accordance with the characteristics of the developing 
devices 14 of different colors so that each developing 
device 14 discharges toner in an amount necessary and 
enough to prevent defective images caused by the 
developing device 14. 

25 In developing device adjustment control according 

to the third embodiment, the toner consumption amount 
threshold value r [mg] is designated for each of the 
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developing devices 14Y to 14K. 

Fig. 5 depicts a view showing an example of a 
table for setting the toner consumption amount 
threshold value r [mg] in accordance with each of the 
5 developing devices 14Y to 14K. The data of this table 
is obtained in a 23° C-60%RH environment when the use 
condition is 0%. 

Referring to Fig. 5, a toner consumption amount 
threshold value r [mg] smaller than that of the C 

10 developing device 14C and M developing device 14M is 
set for the K developing device 14K, and a toner 
consumption amount threshold value r [mg] larger than 
that of the C developing device 14C and M developing 
device 14M is set for the Y developing device 14Y. In 

15 the K developing device 14K using low-resistance toner, 
the amount of strongly charged toner hardly increases 
even if a user keeps printing images having a low 
printing ratio over a long time. Therefore, even when 
adjustment control of the developing device 14 is 

20 performed using a small toner consumption amount 

threshold value r [mg] , it is possible to effectively 
prevent a decrease in density of solid images and the 
like and deterioration of the image quality of line 
images and characters . 

25 By contrast, the amount of strongly charged toner 

readily increases in the Y developing device 14Y using 
high-resistance toner. So, the above phenomena cannot 
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be effectively prevented unless adjustment control of 
the developing device 14 is performed using a large 
toner consumption amount threshold value r [mg] . 

As described above, the table shown in Fig. 5 is 
5 formed by predicting, in accordance with the 

characteristics of toner of each color developing 
device 14, the minimum toner consumption amount 
threshold value r [mg] necessary to effectively prevent 
the decrease in density of solid images and the like 

10 and the deterioration of the image quality of solid 
images and characters . 

In the third embodiment as described above, in 
adjustment control of the developing devices 14, 
different toner consumption amount threshold values r 

15 [mg] are set for the developing devices 14Y to 14K of 
different colors. Therefore, in accordance with the 
characteristics of toner of each color developing 
device 14, it is possible to discharge toner in a 
proper amount to prevent defective images caused by the 

20 developing device 14, and effectively prevent the 

decrease in density of solid images and the like and 
the deterioration of the image quality of line images 
and characters. Furthermore, it is also possible to 
suppress an increase in running cost when the user uses 

25 the printer. 

[Fourth Embodiment] 

The fourth embodiment of the present invention 
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will be described below. In the fourth embodiment, 
adjustment control by which developing devices 14 are 
idled will be described below. The apparatus 
configuration and the like according to the fourth 
5 embodiment are similar to the first embodiment 

described above, so an explanation thereof will be 
omitted. 

Methods of detecting the number of printed sheets 
and the toner consumption amount during image formation 

10 and developing device adjustment control based on these 
pieces of information as the characteristic features of 
a printer according to the fourth embodiment will be 
described below. Note that operations such as 
detection, calculations, printing, and determination in 

15 the control according to the fourth embodiment are 
executed by a CPU 110 of a printer controller 101. 

Fig. 6 is a flow chart for explaining developing 
device adjustment control performed by the laser beam 
printer according to the fourth embodiment of the 

20 present invention. This control explained below is 
performed for each of developing devices 14 (14Y to 
14K) of different colors. 

Steps Sll to S14 are the same as steps SI to S4 
explained in the first embodiment with reference to 

25 Fig. 3, so a detailed description thereof will be 
omitted. 

If in step S15 an accumulated print quantity K 
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calculated in step S14 is 100 or more, the flow 
advances to step S16. If NO in step S15, the flow 
returns to a printing standby state in step Sll to 
calculate and update the accumulated print quantity K 
5 and an accumulated toner consumption amount T on and 
after the next printing. 

If in step S16 the condition indicated by 
T [mg] < 24300 [mg] ... (6) 

is met, the flow advances to step S17 to perform 

10 adjustment control of the developing device 14. 

If the condition of equation (6) is not met in 
step S16, the flow advances to step S18 to reset K = 0 
and T = 0 without performing any adjustment control of 
the developing device 14. After that, the flow returns 

15 to step Sll to calculate and update the accumulated 
print quantity K and accumulated toner consumption 
amount T on and after the next printing. 

The reason why the condition of equation (6) is 
determined will be explained below. 

20 The present inventors made extensive studies and 

have found that in the printer according to the fourth 
embodiment, if 100 or more sheets are continuously 
printed while the average toner consumption amount per 
sheet is larger than toner consumption amount 

25 upper- limiting threshold value r' [mg] = 243 [mg] , the 
probability of an increase in density of solid images 
and the like or fogging increases. 
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In the printer according to the fourth 
embodiment, therefore, adjustment control of the 
developing device 14 is executed when the toner 
consumption amount per 100 sheets is larger than 24,300 
5 [mg] (= r' [mg] x 100) . 

Note that even if the toner consumption amount 
per sheet is larger than toner consumption amount 
upper-limiting threshold value r' [mg] = 243 [mg] , in 
practice the number of printed sheets before the 

10 probability of the increase in density of solid images 
and the like or fogging increases , changes in 
accordance with the toner consumption amount. That is, 
when the average toner consumption amount per sheet is, 
e.g., 405 [mg] , the number of printed sheets before the 

15 probability of the increase in density of solid images 
and the like or fogging increases is about 100. In 
contrast, when the average toner consumption amount per 
sheet is 243 [mg] , the number of printed sheets before 
the same phenomenon occurs is about 1,000. Therefore, 

20 the print quantity for determining whether to perform 

adjustment control of the developing device 14 may also 
be changed in accordance with the average toner 
consumption amount per sheet. 

In the fourth embodiment, however, the control is 

25 simplified by fixing the number of printed sheets to 
100 regardless of the toner consumption amount. The 
number of printed sheets is fixed to 100 because it is 
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essential to perform adjustment control of the 
developing device 14 for every 100 sheets under the 
worst conditions in which the average toner consumption 
amount per sheet is 405 [mg] (assuming an entirely 
5 solid image) . 

The above studies were made in a 23°C-60%RH 
environment by using the developing devices 14 whose 
conditions were close to those of brand-new products. 
A method of changing the specifications of adjustment 

10 control of the developing device 14 in accordance with 
the environment or the use condition of the developing 
device 14 will be described in the fifth embodiment to 
be described later. 

When adjustment control of the developing device 

15 14 is thus started in step S17 # printing is 

interrupted, and idling of a developing sleeve of the 
developing device 14 is started in each of image 
forming stations 10Y to 10K. Although the developing 
sleeve in the developing device 14 rotates as during a 

20 printing operation is being performed, application of a 
developing voltage is stopped. 

An idling time U of the developing sleeve in the 
developing device 14 is determined by 
U [s] = ua [s] + ub [s/mg] 

25 x (T [mg] - 24300 [mg] ) ..-(7) 

where ua and ub are coefficients for calculating the 
idling time. In the printer according to the fourth 
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embodiment, these coefficients are so optimized that ua 
[s] = 20 [s] and ub [s/mg] = 0.0025 [s/mg]. 

By first calculating the idling time of the 
developing sleeve when adjustment of the developing 
5 device 14 is controlled by using equation (7) above and 
then performing the control, toner in the developing 
device 14 can be kept well agitated when the number of 
printed sheets is 100. This makes it possible to 
prevent the increase in density of solid images and the 

10 like and fogging. 

In addition, since no idling is excessively 
performed when the adjustment control of the developing 
device 14 is performed, it is also possible to suppress 
a decrease in throughput of the printer. 

15 After the adjustment control of the developing 

devices 14 according to the fourth embodiment is thus 
performed, the flow advances to step S18 to reset K = 0 
and T = 0, and returns to step Sll to continue the 
calculation and updating of the accumulated print 

20 quantity K and accumulated toner consumption amount T 
on and after the next printing. 

In the fourth embodiment as explained above, when 
the developing sleeve is to be idled during adjustment 
control of the developing device 14, control is so 

25 performed that the developing sleeve idling time U [s], 
accumulated toner consumption amount T [mg] , 
accumulated print quantity K, toner consumption amount 
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upper-limiting threshold value r' [mg] , and idling time 
calculation coefficients ua [s] and ub [s/mg] have the 
relationship indicated by 

U [s] = ua [s] + ub [s/mg] 
5 x (T [mg] - r' [mg] x K) ...(8) 

Accordingly, even when the user keeps printing 
images having a high printing ratio over a long time, 
it is possible to properly maintain the developing 
sleeve idling time during adjustment control of each 

10 developing device 14, and effectively prevent the 

increase in density of solid images and the like and 
fogging. It is also possible to restrain the decrease 
in throughput of the printer. 

Note that the developing sleeve idling time U [s] 

15 need not always be determined by the method of the 
fourth embodiment. That is, the developing sleeve 
idling time U [s] can also be determined by some other 
method which refers to the accumulated toner 
consumption amount T [mg] and accumulated print 

20 quantity K by taking account of the characteristics of 
the developing devices 14 in each individual printer. 
For example, the developing sleeve idling time U [s] 
may also be calculated on the basis of an equation 
different from equation (8) by using the accumulated 

25 toner consumption amount T [mg] and accumulated print 
quantity K. Alternatively, the developing sleeve 
idling time U [s] can be determined by using a table by 
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which the developing sleeve idling time U [s] is 
uniquely determined on the basis of the accumulated 
toner consumption amount T [mg] and accumulated print 
quantity K. ; 
5 [Fifth Embodiment] 

The fifth embodiment of the present invention 
will be described below. In the fifth embodiment, 
control is performed in accordance with the use 
condition of a printer so that a developing sleeve is 

10 idled for a time necessary and enough to prevent 

defective images caused by the developing device 14. 
The apparatus configuration and the like according to 
the fifth embodiment are similar to the fourth 
embodiment described above, so an explanation thereof 

15 will be omitted. 

In the developing device adjustment control 
described in the fourth embodiment, the idling time of 
the developing sleeve in each color developing device 
14 is determined by equation (8) by using the toner 

20 consumption amount upper-limiting threshold value r 1 

[mg] . However, as in the second embodiment, the value 
of r' [mg] can be increased or decreased where 
necessary in accordance with, e.g., the environment or 
the total print quantity of the developing device 14. 

25 That is, control can be performed in accordance with 

the use condition of the printer so that the developing 
sleeve is idled for a time necessary and enough to 
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prevent defective images caused by the developing 
device 14. 

In the adjustment control of the developing 
device 14 according to the fifth embodiment, the toner 
5 consumption amount upper- limiting threshold value r' 
[mg] is determined for each color developing device 14 
on the basis of environment information acquired by a 
built-in environment sensor of the printer, or use 
information of the developing device 14 of the printer. 

10 Fig. 7 depicts a view showing an example of a 

table, according to the fifth embodiment of the present 
invention, which is used to change the toner 
consumption amount upper- limiting threshold value r' 
[mg] in accordance with the environment (the 

15 temperature and humidity), or the use condition (0%: 
initial state to 100%: after a total of 20,000 sheets 
are printed by the same counting method as in step S3 
of the developing device adjustment control explained 
in the first embodiment) of the developing device 14. 

20 Referring to Fig. 7, the lower the temperature 

and humidity of the environment or the closer the use 
condition of the developing device 14 to the initial 
condition, the larger the value of the toner 
consumption amount upper-limiting threshold value r' 

25 [mg] . That is, in a low- temperature , low-humidity 

environment in which the average triboelectrif ication 
of toner in the developing device 14 easily rises, or 
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in the developing device 14 whose use condition is 
close to the initial condition, the amount of weakly 
charged toner or reverse -polarity toner hardly 
increases even if a user keeps printing images having a 
5 high printing ratio over a long time. Therefore, even 
when developing device adjustment control is performed 
using a large toner consumption amount upper- limiting 
threshold value r' [mg] , it is possible to effectively 
prevent an increase in density of solid images and the 

10 like and fogging. 

As described above, the table shown in Fig. 7 is 
formed by predicting, in accordance with the 
environment or the use condition of the developing 
device 14, the toner consumption amount upper- limiting 

15 threshold value r' [mg] necessary to effectively 

prevent the increase in density of solid images and the 
like and fogging. 

In the fifth embodiment as described above, in 
adjustment control of each developing device 14, the 

20 toner consumption amount upper- limiting threshold value 
r' [mg] is changed in accordance with the environment 
or the total print quantity of the developing device 
14. Therefore, it is possible to idle the developing 
sleeve for a proper time to prevent defective images 

25 caused by the developing device 14 in accordance with 
the use condition of the printer, and effectively 
prevent the increase in density of solid images and the 
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like and fogging. Furthermore, it is also possible to 
suppress a decrease in throughput of the printer. 

Note that an idling time U [s] of the developing 
sleeve need not always be determined by the method of 
5 the fifth embodiment. That is, the idling time U [s] 

of the developing sleeve can also be determined by some 
other method by referring to an accumulated toner 
consumption amount T [mg] , an accumulated print 
quantity K, the environment, or the total print 

10 quantity of the developing device 14. 

If the characteristic change of each developing 
device 14 largely depends on the environment or on the 
total print quantity of the developing device 14, 
rather than the accumulated toner consumption amount T 

15 [mg] or accumulated print quantity K, the idling time U 
[s] of the developing sleeve of the developing device 
can also be determined by referring to only the 
environment or the total print quantity of the 
developing device 14 in order to simplify the control. 

20 [sixth Embodiment] 

The sixth embodiment of the present invention 
will be described below. In the sixth embodiment, as 
in the third embodiment, control is so performed as to 
set different r' [mg] values for developing devices 14Y 

25 to 14K of different colors. The apparatus 

configuration and the like according to the sixth 
embodiment are similar to the fourth embodiment 
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described above, so an explanation thereof will be 
omitted. 

In the adjustment control of the developing 
devices 14 described in the fourth embodiment, the 
5 idling time of a developing sleeve of each color 

developing device 14 is determined by equation (8) by- 
using the toner consumption amount upper- limiting 
threshold value r' [mg] . As in the third embodiment, 
different values of r' [mg] can be set for the 

10 developing devices 14Y to 14K of different colors. 

That is, control can be performed in accordance with 
the characteristics of each color developing device 14 
so that the developing device 14 is idled for a time 
necessary and enough to prevent defective images caused 

15 by the developing device 14. 

In developing device adjustment control according 
to the sixth embodiment, the toner consumption amount 
upper- limiting threshold value r' [mg] is designated 
for each of the developing devices 14Y to 14K. 

20 Fig. 8 depicts a view showing an example of a 

table for changing the toner consumption amount 
upper-limiting threshold value r' [mg] in accordance 
with each of the developing devices 14Y to 14K. The 
data of this table is obtained in a 23 C C-60%RH 

25 environment when the use condition is 0%. 

Referring to Fig. 8, a toner consumption amount 
upper- limiting threshold value r' [mg] larger than that 
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of the C developing device 14C and M developing device 
14M is set for the Y developing device 14Y, and a toner 
consumption amount upper- limiting threshold value r' 
[mg] smaller than that of the C developing device 14C 
5 and M developing device 14M is set for the K developing 
device 14K. 

That is, in the Y developing device 14Y using 
high- resistance toner, the amount of weakly charged 
toner or reverse-polarity toner hardly increases even 

10 if a user keeps printing images having a high printing 
ratio over a long time. Therefore, even when 
adjustment control of the developing device 14 is 
performed using a large toner consumption amount 
threshold value r [mg] , it is possible to effectively 

15 prevent an increase in density of solid images and the 
like and fogging. In contrast, the amount of weakly 
charged toner readily increases in the K developing 
device 14K using low-resistance toner. So, the above 
phenomena cannot be effectively prevented unless 

20 adjustment control of the developing device 14 is 
performed using a small toner consumption amount 
threshold value r [mg] . 

As described above, the table shown in Fig. 8 is 
formed by predicting, in accordance with the 

25 characteristics of toner of each color developing 

device 14, the toner consumption amount upper-limiting 
threshold value r' [mg] necessary to effectively 
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prevent the increase in density of solid images and the 
like and fogging. 

In the sixth embodiment as described above, in 
adjustment control of the developing devices 14, 
5 different toner consumption amount upper- limiting 
threshold values r' [mg] are set for the developing 
devices 14Y to 14K of different colors. Therefore, in 
accordance with the characteristics of toner of each 
color developing device 14, it is possible to idle the 

10 developing sleeve for a proper time to prevent 

defective images caused by the developing device 14, 
and effectively prevent the increase in density of 
solid images and the like and fogging. It is also 
possible to suppress a decrease in throughput of the 

15 printer. 

[seventh Embodiment] 

The seventh embodiment of the present invention 
will be described below. This embodiment is wherein 
information concerning the toner consumption amount 

2 0 threshold value in the third and sixth embodiments 

described above is stored in a memory of a developing 
device 14 detachably installed in an image forming 
apparatus. On the basis of this information stored in 
the memory and concerning the toner consumption amount 

25 threshold value corresponding to the characteristics of 
toner of each color developing device, it is possible 
to control the adjustment of the developing device 14 
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and control the idling time of a developing sleeve of 
the developing device 14. 

As already explained in the third and sixth 
embodiments, a pigment included in toner changes in 
5 accordance with the color of toner, so the 

characteristics also differ from one toner to another. 
Therefore, even when key parts used in development are 
identical, the degree of deterioration and the degree 
of charging of toner of one color are different from 

10 those of toner of another color. These differences 
have influence on the image quality. 

For example, in a K developing device 14K using 
low-resistance toner, the amount of strongly charged 
toner hardly increases even if a user keeps printing 

15 images having a low printing ratio over a long time. 
Therefore, even when developing device adjustment 
control is performed using a small toner consumption 
amount threshold value r [mg] , it is possible to 
effectively prevent a decrease in density of solid 

20 images and the like and deterioration of the image 
quality of line images and characters. In contrast, 
the amount of strongly charged toner readily increases 
in a Y developing device 14Y using high-resistance 
toner. So, these phenomena cannot be effectively 

25 prevented unless developing device adjustment control 
is performed using a large toner consumption amount 
threshold value r [mg] . 
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Likewise, in the Y developing device 14Y using 
high-resistance toner, the amount of weakly charged 
toner or reverse -polarity toner hardly increases even 
if a user keeps printing images having a high printing 
5 ratio (large toner consumption amount of images) over a 
long time. Therefore, even when adjustment control of 
the developing device 14 is performed using a large 
toner consumption amount threshold value r [mg] , it is 
possible to effectively prevent an increase in density 

10 of solid images and the like and fogging. By contrast, 
the amount of weakly charged toner readily increases in 
the K developing device 14K using low-resistance toner. 
So, the above phenomena cannot be effectively prevented 
unless adjustment control of the developing device 14 

15 is performed using a small toner consumption amount 
threshold value r [mg] . 

Fig. 10 depicts a graph showing changes in Y- and 
K- toner image levels when images having a low printing 
ratio continue. As described above, the 

20 high-resistance Y toner is influenced more strongly 

than the low-resistance K toner for the same number of 
sheets of 100. That is, if the same toner consumption 
amount threshold value is used for different toner 
components, these toner components are wasted. More 

25 specifically, if the toner consumption amount threshold 
value is set in accordance with the Y toner, the K 
toner is wasted. C toner and M toner also have 
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characteristics different from the Y tone and K toner, 
and change their image levels in different ways 
accordingly. 

Note that even when images having a high printing 
5 ratio continue, toner components of different colors 
change their image levels in different ways . 

To control these differences between the 
characteristics of toner components of different 
colors, the information pertaining to the toner 

10 consumption amount threshold value corresponding to the 
characteristics of each color toner is stored in the 
memory of the developing device 14. This makes it 
possible to control the adjustment of each color 
developing device 14 in accordance with its 

15 characteristics, and control the idling of the 
developing sleeve of the developing device 14. 

The configuration of the memory of the developing 
device 14 will be described with reference to Fig. 9. 
Note that the control of the formation of a toner image 

20 for adjusting the developing device 14 and the control 
of the idling of the developing sleeve of the 
developing device 14 are already explained in the first 
to sixth embodiments, so a detailed explanation thereof 
will be omitted. 

25 Fig. 9 depicts a view showing the connections 

between a printer controller 101, a printer engine 
controller 200 of a printer engine, and a memory 300 as 
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a storage medium (storage unit) of the developing 
device 14. The memory 300 of the developing device 14 
and the printer engine controller 200 are connected by 
bringing a contact (not shown) of the memory and a 
5 contact (not shown) of the printer main body into 
contact with each other. Data communication 
(read/write) is performed by a data reader/writer 202 
of the printer engine controller 200. 

In this embodiment, after the developing device 

10 14 is attached to the printer main body and the memory 
300 is connected to the printer main body, the 
information concerning the toner consumption amount 
threshold value is read out from the memory 300, and 
the data is transmitted to an engine CPU 201. The 

15 engine CPU 201 transfers the received data to the 
printer controller 101. As described in the first 
embodiment, the printer controller 101 performs 
processing for controlling the adjustment of the 
developing device 14, or for controlling the idling 

20 time of the developing sleeve of the developing device 
14. Note that the adjustment control of the developing 
device 14 or the control of the idling time of the 
developing sleeve of the developing device 14 may also 
be performed by the engine controller 200, rather than 

25 the printer controller 101. 

The memory 300 has an area for storing the 
information concerning the toner consumption amount 
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threshold value, and also has an area for storing print 
quantity information, toner consumption amount 
information, and others (information pertaining to the 
developing device ) . 
5 The developing device 14 has at least a vessel 

for containing a developer, and the developing sleeve 
(roller) for supplying the developer to a 
photosensitive drum . 

In this embodiment as described above, each color 

10 developing device 14 has the memory 300, and the toner 
consumption amount threshold value corresponding to the 
characteristics (toner characteristics) of the 
developing device 14 is stored in the memory 300. By 
controlling the adjustment of each developing device 14 

15 in accordance with the characteristics of the 

developing device 14, it is possible to effectively 
prevent a decrease in density of solid images and the 
like and deterioration of the image quality of line 
images and characters. It is also possible to suppress 

20 an increase in running cost when the user uses the 
printer. 

Also, a toner consumption amount threshold value 
corresponding to the characteristics (toner 
characteristics) of each color developing device 14 is 
25 stored in the memory 300, and the idling time of the 
developing sleeve of the developing device 14 is 
controlled on the basis of this value. This makes it 
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possible to effectively prevent an increase in density 
of solid images and the like and fogging, and suppress 
a decrease in throughput of the printer. 

The first to seventh embodiments are described 

5 above . 

The present invention is not limited to the 
arrangements of the printers and developing devices 
described in the first to seventh embodiments described 
above, but can be applied to, e.g., a contact 

10 development system, non-contact jumping development 

system, monocomponent development system, two-component 
development system, magnetic development system, and 
nonmagnetic development system in various forms of 
printers. That is, the present invention is applicable 

15 to all forms of developing devices. 

Also, the environment information in each of the 
second and fifth embodiments is acquired by the 
built-in environment sensor of the printer. However, 
this environment information may also be acquired by 

20 another means. For example, if the electrical 

resistance of any of, e.g., the intermediate transfer 
belt 80, primary transfer rollers 54 (54Y to 54K) , and 
secondary transfer roller 55 has environment 
dependence, the environment information can be acquired 

25 by detecting this electrical resistance. 

The use information of each the developing 
devices 14 (14Y to 14K) may also be stored in an 
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internal driver of a personal computer for operating 
the printer, instead of the built-in memory of the 
developing device 14 of the printer. 

In the control method of each of the fourth to 
the sixth embodiments, the timing of adjustment control 
of the developing device 14 is fixed (e.g., every 100 
sheets), and the idling time of the developing sleeve 
of the developing device is determined by referring to, 
for example, the accumulated toner consumption amount, 
the accumulated print quantity, the environment, and 
the total print quantity of the developing device. 
However, it is also possible to use a control method by 
which the idling time of the developing sleeve is fixed 
(e.g., to 20 [s]), and the timing of adjustment control 
of the developing device 14 is determined by referring 
to, e.g., the accumulated toner consumption amount, the 
accumulated print quantity, the environment, and the 
total print quantity of the developing device. By this 
control method, when adjustment control of the 
developing device 14 is performed once, the idling time 
of the developing sleeve can be restricted to a short 
time period. When a user is to obtain a printing 
output, therefore, the waiting time by the adjustment 
control of the developing device 14 can be reduced to 
such an extent that the user does not feel 
uncomfortable . 

In each of the first to seventh embodiments 
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described above, whether to consume toner or rotate the 
developing roller is determined by comparing the 
accumulated toner consumption amount with the toner 
consumption amount threshold value r' for every 
5 predetermined number of sheets (100). However, it is 
of course also possible to calculate a toner 
consumption amount per sheet and compare this value 
with the toner consumption amount threshold value r. 

Also, in each of the first to seventh embodiments 

10 described above, the developing device adjusting 

operation is executed at a timing except for a normal 
printing operation of forming an image on a printing 
sheet. For example, this adjusting operation is 
executed during an initialization sequence 

15 (preparation) before the printing operation is started, 
or during post-processing (e.g., during the period of a 
post -rotation process such as a charge removing 
sequence of removing the electric charge on the drum) 
after the printing operation is complete. If a 

20 plurality of printing jobs are continuously performed, 
the adjusting operation is executed by setting a 
predetermined period between these print jobs. 
[Other Embodiments] 

As described earlier, the objects of the present 

25 invention can also be achieved by providing a storage 
medium storing the program code of software for 
implementing the functions of the above embodiments to 
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a system or apparatus, and reading out and executing 
the program code stored in the storage medium by a 
computer (or a CPU or MPU) of the system or apparatus . 
In this case, the program code itself read out from the 
5 storage medium implements the functions of the above 
embodiments, and the storage medium storing this 
program code constitutes the invention. As this 
storage medium for supplying the program code, it is 
possible to use, e.g., a floppy (registered trademark) 
10 disk, hard disk, optical disk, magnetooptical disk, 

CD-ROM, CD-R, magnetic tape, nonvolatile memory card, 
and ROM. 

In addition, besides the functions of the above 
embodiments are implemented by executing the readout 

15 program code by the computer, the present invention 

includes a case where an OS (Operating System) or the 
like running on the computer performs part or the whole 
of actual processing in accordance with designations by 
the program code and thereby implements the functions 

20 of the embodiments. 

Furthermore, the present invention also includes 
a case where the program code read out from the storage 
medium is written in a memory of a function expansion 
board inserted into the computer or of a function 

25 expansion unit connected to the computer, and, in 

accordance with designations by the program code, a CPU 
or the like of the function expansion board or function 
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expansion unit performs part or the whole of actual 
processing and thereby implements the functions of the 
above embodiments . 

As described above, the embodiments of the 
5 present invention are wherein when a developing device 
is to discharge a developing device adjusting toner 
image during developing device adjustment control, 
control is so performed that the toner consumption 
amount S [mg] , accumulated toner consumption amount T 

10 [mg] , accumulated print quantity K, and toner 

consumption amount threshold value r [mg] during the 
developing device adjustment control have the 
relationship indicated by S [mg] = r [mg] x K - T [mg] . 
Accordingly, even when a user keeps printing 

15 images having a low printing ratio, it is possible to 
properly maintain the toner amount discharged during 
the developing device adjustment control, and 
effectively prevent the decrease in density of solid 
images and the like and the deterioration of the image 

20 quality of solid lines and characters. 

It is also possible to suppress the increase in 
running cost when the user uses the printer. 

Also, when the developing sleeve is to be idled 
during developing device adjustment control, the 

25 control is so performed that the developing sleeve 

idling time U [s], accumulated toner consumption amount 
T [mg] , accumulated print quantity K, toner consumption 
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amount upper- limiting threshold value r' [mg] , and 
idling time calculation coefficients ua [s] and ub 
[s/mg] have the relationship indicated by U [s] = ua 
[s] + ub [s/mg] x (T [mg] - r' [mg] x K) . 

Accordingly, even when a user keeps printing 
images having a high printing ratio over a long time, 
it is possible to properly maintain the developing 
sleeve idling time during the developing device 
adjustment control, and effectively prevent the 
increase in density of solid images and the like and 
fogging. It is also possible to restrain the decrease 
in throughput of the printer. 

The present invention is not limited to the above 
embodiments and various changes and modifications can 
be made within the spirit and scope of the present 
invention. Therefore, to apprise the public of the 
scope of the present invention, the following claims 
are made. 
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